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Backgroimd Of The Invention 

1. Field of the Invention 

This invention relates generally to the field of optical lithography, and in particular, to a 
method for model-based Optical Proximity Correction (OPC) that extends the Region of 
Interest (ROI) beyond its interaction distance (ID) to reduce the amount of time required 
to locate and summate convoluted vertices of a polygon within the ROI for the total 
convolution of such polygon. 

2. Description of Related Art 

In the fabrication of semiconductor devices, optical microlithography processing 

generally requires duplicating desired circuit patterns on a semiconductor wafer. These 
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desired circuit patterns are represented as opaque and transparent regions on a template, 
referred to as a photomask, which are then projected onto photoresist-coated wafers by 
way of optical imaging through an exposure system. 

A valuable tool for analyzing and correcting for optical lithography in semiconductor 
fabrication is an aerial image simulator. These aerial image simulators compute images 
generated by optical projection systems, such that, the modeling of aerial images is a 
crucial component in semiconductor manufacturing. However, since present lithographic 
tools employ partially coherent illumination, such modeling is computationally intensive 
for all but elementary patterns. The aerial image produced by the mask, i.e., the light 
intensity in an optical projection system*s image plane, is a critically important quantity 
in microlithography for governing how well a developed photoresist structure replicates a 
desired mask design. 

In OPC software, the image intensity is usually calculated by a bilinear transform having 
a specific kernel function that describes the physics of the process. This may be 
accomplished by way of an optical kernel corresponding to a Hopkin's integral or a 
composite kernel that includes resist effects. For example, for short range effects the 
bilinear transform can be optimally reduced to a sum of simple linear convolutions by the 
Sum of Coherent Sources (SOCS) method, whereas for intermediate range effects or 
other non-optical effects the bilinear transform may be reduced to a linear convolution 
between mask pattern and an intensity kernel. 

For very long-range effects, the problem can be reduced still further to represent the mask 
by a coarse grid wherein each pixel is an average pattern density of features within that 
grid-square. The convolution between the coarse grid and the incoherent kernel can be 
done very rapidly, e.g. via Fast Fourier transform (FFT) to gain speed since an FFT can 
generate convolution for all pixels at the same time, or by newer more rapid methods that 
provide the same benefit. 
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However, the short and intermediate range is a critical part that can be time consimiing 
due to the need to address individual polygons. Normal practice for calculating short and 
intermediate range effects typically includes spatially truncating the kernel by some 
practical assumption to provide a table lookup of the convolution of basic building block 
sectors which is stored within a table of finite and acceptable size. 

The above prior art convolution techniques are commonly performed on polygon features 
using either sector-based algorithms or edge-based algorithms. These sector-based 
algorithms, which may be calculated using sectors at a variety of angles, allow for the 
convolution over a sector to be pre-calculated as base-images and stored in a table or 
matrix. For example, conventional practice for a sector based OPC engine may include 
decomposing a polygon into a collection of sectors of either 90-degree angles (as shown 
in Fig. 1) or 45-degree angles (as shown in Figs. 2A-B). 

For example, Fig. 1 depicts lookup table values for a variety of 90-degree sectors for 
various calculated points "XO" inside the square ROI 10. At any point "XO" inside the 
ROI, the table value is constant along any one of the straight contour lines 20. However, 
for any point "XO" 30 that resides outside ROI 10, the contour line 20 is extended outside 
the ROI, either horizontally or vertically, and the convolution value for such point "XO" 
30 is taken at the boundary of the ROI along the same straight contour line at point 
"XO*" 30 ' as is shown. 

Further with respect to ♦Fig. 1, all convolution contributions of each point or vertex l3dng 
within the ROI are pre-calculated and stored in a matrix. That is, the table lookup 
comprises calculations for each and every point lying within the ROI. For all other points 
outside the ROI that are not contributing to the polygon, e.g., those points beyond the left 
and bottom boundaries of the ROI, the convolution values of such points are equal to 
zero. The convolution of the polygon, with the kernel, is then calculated by summing the 
contributions of each and every contributing pre-calculated, stored sector lying within the 
ROI. However, in so doing, it is required that each of these contributing pre-calculated, 
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stored sectors be located within the ROI table lookup, and then its convolution 
contribution is retrieved for the summation of convolution of the polygon. This task is not 
only time consuming and tedious, but it also requires a sufficient amount memory and 
storage capacity. 

In another example of conventional sector based OPC calculations, Figs. 2A and 2B 
illustrate lookup table values for 45-degree sectors that are skewed laterally, each having 
a 45-degree slope in the upper region and a constant value across the contour line. 
Accordingly, when point "XO" 30 lies above the ROI 10, the value will now be taken at 
point "XO*" 30' that lies on the boundary of ROI and along the same laterally skewed 
contour line. Similarly, at any point "XO" inside the ROI, the table value is constant 
along any one of the laterally skewed 45-degree sectors. Convolutions at each 45-degree 
sector vertex, i.e., point, are then calculated and stored in a matrix for the subsequent 
summation of convolution of the polygon. However, this approach is also time 
consimiing and tedious as each pre-calculated, stored sector vertex of the polygon must 
be retrieved for the summation of convolution of all vertices of the polygon. 

A further disadvantage of 45-degree sectors is that any points lying outside the radius 
relative to the vertex of the skewed ROI 10', as is depicted by the arrow in Fig. 2B, are 
outside of the pre-calculated matrix, and therefore, will not add any contribution to 
convolution of the polygon. As such, conventional practice is to extend the skewed ROI 
10' by a distance of ((1-1/sqrt (2)) x interaction distance (ID)) on all 4 sides of the table 
by this amount to provide a new ROI 15. Yet, in so doing, the table lookup must now be 
expanded to all 4 extended sides, such that the convolution contribution of each and 
every point or vertex residing within these extended 4 sides must now be calculated and 
stored within the table lookup. This adds to both time and memory requirements as these 
additional pre-calculated, stored vertices must now also be located for the total 
convolution summation of all vertices. 
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Other common techniques for convolving polygons for optical proximity correction 
include polygon pinning and polygon cropping procedures. Polygon cropping 
procedures generally involve generating multiple polygons representative of vertices of 
an original polygon(s), whereby these new vertices reside within or on the ROI boundary. 
A procedure referred to as the Intersection Method is such cropping technique. The 
Intersection Method generally involves generating multiple cropped polygons of an 
original polygon(s) using the algorithm C=AuB, wherein shape A is a polygon, shape B 
is the ROI and intersections C are multiple new, smaller polygons. Once cropping is 
complete each vertex is then located and summated for the total convolution summation 
of the polygon. In so doing, this approach is also time consuming, tedious and requires a 
sufficient amount of memory as each vertex must be located, and then its convolution 
contribution retrieved for the simraiation of convolution of all vertices of the polygon. 
Polygon pinning procedures generally involve locating vertices residing outside the ROI 
and then pinning such vertices to the boundaries of or within the ROI. Pinning 
procedures are generally more efficient than cropping procedures in modeled based OPC, 
however, they still require a large amount of overhead if such procedure are repeated for 
the convolution calculation for all sample points in the ROI. 

Consequently, a need exists in the art for providing improved fast, easy methods for 
sununation of convolution contribution of vertices of a polygon for use in OPC engines. 

Accordingly, the present invention overcomes the above problems and deficiencies in the 
prior art by providing improved methods for use in model-based optical proximity 
correction by defining a new ROI beyond its interaction distance ID to reduce the amount 
of time required to locate and summate convoluted vertices of a polygon within the ROI 
for the overall convolution summation of the polygon. 
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Summary of the Invention 



Bearing in mind the problems and deficiencies of the prior art, it is therefore an object of 
the present invention to provide improved methods, and a program storage device to 
perform such methods, for defining a new ROI beyond its interaction distance (ID) 
therein reducing the amount of time required to locate and summate convoluted vertices 
of a polygon within the ROI for the overall convolution summation of the polygon. 

It is another object of the present invention to provide improved methods and program 
storage devices for defining a new ROI that easily and expeditiously summates the 
convolution of vertices of a polygon within a ROI. 

Another object of the invention is to provide improved methods and program storage 
devices for making model-based optical proximity correction more efficient. 

Yet another object of the invention is to provide improved methods and program storage 
devices for model-based OPC that avoids expansion of the lookup table for convolution 
contributions. 

Still other objects and advantages of the invention will in part be obvious and will in part 
be apparent fi-om the specification. 

The above and other objects, which will be apparent to those skilled in art, are achieved 
in the present invention, which is directed to in a first aspect a method of performing 
model-based optical proximity correction by providing a ROI having an interaction 
distance and locating at least one finite geometrical shape within the ROI. At least one 
cut line is then generated across at least one lateral edge of such finite geometrical shape, 
and then the ROI is extended beyond its interaction distance based on a location of the at 
least one cut line across the lateral edge of the finite geometrical shape to correct for 
optical proximity. 
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Preferably, the finite geometrical shape is a polygon, such as, a regular, irregular, convex, 
concave, regular convex, regular concave, irregular convex or irregular concave polygon. 
The cut line preferably comprises a plurality of sample points representative of a set of 
vertices within the ROI, whereby the cut line comprises a first number of such sample 
points residing on a first side of an intersection between the cut line and the lateral edge 
and a second number of such sample points residing on a second side of the intersection. 
In this aspect of the invention, these first and second numbers of the pluraUty of sample 
points of the cut line may be either identical or different. 

In this aspect of the invention, the extension of the ROI beyond its interaction distance is 
based on the location of the cut line, whether it is a horizontal cut line, a vertical cut line 
or a 45 -degree cut line. Wherein the cut line is horizontal, the ROI is extended 
horizontally in a one-dimensional direction on opposing horizontal sides of the ROI. 
Wherein the cut line is vertical, the ROI is extended vertically in a one-dimensional 
direction on opposing vertical sides of the ROI. Further, wherein the cut line is a 45- 
degree cut line the ROI is extended two-dimensionally in both horizontal and vertical 
directions on all sides of the ROI. 

Still further in this aspect, the above method steps may be repeated for a plurality of cut 
lines residing across the lateral edge of the finite geometrical shape, whereby the ROI is 
extended beyond its interaction distance based on a plurality of locations of the plurality 
of cut lines. Once the ROI is extended, i.e., a new ROI generated, the method further 
includes the step of simultaneously retrieving pre-calculated convolution contributions of 
multiple sample points across the at least one cut line in a single convolution contribution 
search step for summation of convolution within the ROI to correct for optical proximity. 

In a second aspect, the invention is directed to a method of performing model-based 
optical proximity correction by providing a fu*st ROI having an interaction distance and 
locating at least one polygon within the first ROI. At least one cut line is then located 
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across at least one lateral edge of the polygon, whereby such cut line comprises a 
plurality of sample points representative of a set of vertices within the first ROI. An 
angular position of the cut line across the lateral edge of the polygon is determined, 
followed by determining first and second portions of the cut line residing on opposing 
sides of an intersection between the cut line and the lateral edge of the polygon. A 
second, new ROI is then provided by extending the first ROI beyond its interaction 
distance based on the angular position, and the first and second portions of the at least 
one cut line residing on the opposing sides of the intersection. This second ROI is 
ultimately for use in correcting for optical proximity. The method may further include 
locating within the first ROI a plurality of cut lines across the at least one lateral edge of 
the at least one polygon and providing the second ROI by extending the first ROI a 
plurality of times beyond its interaction distance based on the plurality of cut lines to 
generate a plurality of new regions of interest 

In this second aspect, the first and second portions of the cut line correspond respectively 
to first and second numbers of sample points from the plurality of sample points, wherein 
these first and second numbers may be identical to each other such that the first ROI is 
extended by equal portions on sides thereof, or the first and second numbers may be 
different fi-om each other such that the first ROI is extended by unequal portions on sides 
thereof. 

The cut line may be either a horizontal cut line or a vertical cut line, wherein the first ROI 
is extended respectively either horizontally in a one-dimensional direction, in an equal or 
unequal amoimt, or vertically in a one-dimensional direction, in an equal or unequal 
amount. Alternatively, the cut line may be a 45-degree cut line such that the first ROI is 
two-dimensionally extended on all sides thereof by a first function of (dl)(cos(7c/4)) on a 
first set of opposing edges of the first ROI and by a second function of (d2)(cos(7t/4)) on 
a second set of opposing edges of the fu*st ROI. 
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Further in the second aspect, the step of extending the first ROI beyond its interaction 
distance also includes capturing additional polygons originally residing outside 
boundaries of the first ROI or additional portions of any polygons originally residing 
within or on the boundaries of the first ROI. The method may further include the step of 
simultaneously retrieving pre-calculated convolution contributions of multiple sample 
points across the at least one cut line in a single convolution contribution search step for 
summation of convolution of the set of vertices within the first ROI to correct for optical 
proximity. 

In third and fourth aspects of the invention, the present invention is directed to program 
storage devices that are readable by a machine, which tangibly embody a program of 
instructions executable by the machine to perform the above method steps for performing 
model-based optical proximity corrections in relation to the first and second aspects of 
the invention, respectively. 

Brief Description of the Drawings 

The features of the invention believed to be novel and the elements characteristic of the 
invention are set forth with particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The invention itself, however, both 
as to organization and method of operation, may best be understood by reference to the 
detailed description which follows taken in conjunction with the accompanying drawings 
in which: 

Fig. 1 is a prior art schematic illustration showing a sector based OPC engine 
decomposing a polygon into a collection of sectors of 90 degree angles for allowing the 
convolution over the sector to be pre-calculated as base-images stored in tables. 
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Fig. 2A is another prior art schematic illustration showing a sector based OPC engine 
decomposing a polygon into a collection of sectors of 45-degree angles for allowing the 
convolution over the sector to be pre-calculated as base-images which are stored in 
tables. 

Fig. 2B is a prior art schematic illustration of Fig. 2 A showing that the table look up area 
must be skewed in a similar manner as the region of interest to include certain xO values. 

Fig. 3 is a block diagram flow chart of the preferred steps employed in practicing the 
present invention. 

Fig. 4A is a schematic of the present invention showing a group of polygons within and 
outside a region of interest, for use with the process flow of Fig. 3, whereby the region of 
interest has a number of points along a cut line across a lateral edge of one of the 
polygons within the ROI for 90-degree sectors. 

Fig. 4B is a schematic of the present invention showing the expansion of the region of 
interest of Fig. 4A for 90-degree sectors by a portion of the cut line size in one direction 
and the remaining portion of the cut line size in the opposite direction in accordance with 
the process flow of Fig. 3. 

Fig. 5 is a schematic of the present invention showing the expansion of the region of 
interest for 45-degree sectors by portions of a cut line size on all four sides of the ROI in 
accordance with the process flow of Fig. 3. 



Description of the Preferred Embodiment(s) 
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In describing the preferred embodiment of the present invention, reference will be made 
herein to Figs. 1-5 of the drawings in which like numerals refer to like features of the 
invention. 

The present invention is directed to model-based optical proximity correction (OPC) for 
use in optical lithography that modifies the region of interest (ROI) to save both 
computation time and memory. The ROI is a convex area having a diameter across a 
line through its center point that is at least as large as the interaction distance (referred to 
as "ID" in the drawings), wherein the interaction distance is twice the distance beyond 
which any two points have negligible interaction with each other. Ultimately, the 
invention is used to correct for any distortions on a photomask having desired circuit 
patterns, for the accurate projection thereof onto photoresist-coated wafers. 

It should be imderstood that the invention is suitable for use with any finite geometrical 
shape. In the preferred embodiment, the finite geometrical shape is a polygon. A 
polygon in a design is typically defined by a set of vertices, edges, straight lines, and the 
like, and the corresponding sequence, for example by convention the left hand side of the 
forward moving edge may always be inside the polygon. In accordance with the 
invention, the polygon may be regular or irregular, convex or concave, or any 
combination thereof Further, the polygon may comprise any shape including, but not 
limited to, a triangle, quadrilateral (square, rectangle, parallelogram), pentagon, hexagon, 
heptagon, octagon, nonagon, decagon, and the like. 

The present invention provides efficient methods for use in model-based optical 
proximity correction by defining a ROI beyond its interaction distance with the advantage 
of reducing the amount of time required to locate and sununate convoluted vertices of a 
polygon within the ROI, for the total convolution sxmmiation of the polygon. The 
foregoing model-based simulation preferably occurs after the pre-calculation and storage 
of the convolution of all points, i.e., vertices or sectors of a finite geometrical shape (such 
as a polygon), within the original ROI. 
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Conventionally, in order to sum the convolution contribution of the polygon(s) within the 
ROI, each and every vertex of the polygon must first be located and then its pre- 
calculated convolution contribution retrieved from the storage component of the system. 
Once all of such vertices are located and the pre-calculated convolution contribution 
retrieved, those having contributing convolution are summated to attain the total 
convolution of the polygon. In so doing, this approach not only requires extensive 
calculations and memory capacity, it is also undesirably time consuming and tedious. 

Advantageously, the foregoing invention provides for improved performance in model- 
based OPC engines by simultaneously computing multiple sample points for the 
suHMnation of convolution of polygons within the ROI, in addition to simultaneously 
determining an amount to expand the ROI beyond its interaction distance. In accordance 
with the invention, the ROI may be expanded beyond its interaction distance at one, two, 
three or all four sides of the ROL 

In expanding the ROI, at least one polygon within the ROI is initially located, followed 
by locating at least one cut line across a lateral edge of the polygon. Alternatively, 
multiple cut lines may be located within the ROI. Each of these cut lines includes 
multiple sample points corresponding to a single set of vertices within the ROI. An 
essential feature of the invention is that as these multiple sample points across a single 
cut line correspond to a single set of vertices, the table lookup for these sample points is 
performed simultaneously, even though convolution contributions for these varying 
points may differ. 

That is, the invention advantageously provides for extending the ROI based on a number 
of sample points representative of a single polygon within the ROI such that only a single 
convolution contribution search is required for retrieving the convolution contributions of 
such sample points for the summation of convolution of such single polygon within the 
ROI. The invention avoids the need to locate each individual sample point on a one-by- 
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one basis and then perform the numerous convolution contribution searches for each of 
such located sample points, followed by performing numerous convolution simimation 
algorithms for the individual sample points. 

A benefit of the invention is that it avoids the need to repeatedly locate each and every 
vertex within the ROI, retrieve its respective convolution contribution for each vertex and 
then summate all of such contributions of the vertices for the total convolution of the 
polygon(s) within the ROI. 

Referring to the drawings, the process flow of the invention will be better understood in 
accordance with the following description of the flow chart shown in Fig. 3. 

Step 1000 ~ Start. Start the process whereby the convolution contribution of all points of 
interest for all finite geometrical shape within the ROI are pre-calculated and stored in a 
storage component of the system, such as, in a table lookup. 

Step 1005 - Get first Cutline. Locate a polygon within the ROI and generate at least one 
cut line across at least one lateral edge of such polygon. The polygon may be composed 
of multiple segment lines that are defined by a set of user defined rules whereby at least 
one cut line is generated across at least segment of the polygon. Alternatively, multiple 
cut lines are generated across a single segment or multiple segments of the polygon. 

Step 1010 - Cut line Horizontal? Determine whether the located cut line is horizontal 
with respect to a bottom lateral edge of the ROI. If the cut line is horizontal, then go to 
step 1015. If the cut line is not horizontal, then go to step 1020. 

Step 1015 - Extend the ROI by dl on the left lateral edge and d2 on the right lateral edge 
of the ROI. The measures dl and d2 may, or may not, be equal to each other. Continue 
to step 1050. 
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Step 1020 - Cut line Vertical? If the cut line is not horizontal, then determine whether 
the located cut line is vertical with respect to the bottom lateral edge of the ROI. If the 
cut line is vertical, then go to step 1025. If the cut line is not vertical, then go to step 
1030 

Step 1025 - Extend the ROI by dl on the top lateral edge and d2 on the bottom lateral 
edge of the ROL The measures dl and d2 may, or may not, be equal to each other 
Continue to step 1050. 

Step 1030 - Cut line 45-degrees? If the cut line is neither horizontal nor vertical, then 
determine whether the located cut line is a 45-degree sector, i.e., it forms a 45-degree 
angle. If the cut line is a 45-degree sector, then go to step 1035. If the cut line is not a 
45-degree sector, then go to step 1040. 

Step 1035 - Extend the ROI by (dl)((cos)(7r/4)) to two adjacent lateral edges of the ROI 
and (d2)((cos)( (n/4)) on the remaining two adjacent lateral edges of the ROI. Continue 
to step 1050. 

Step 1040 - ERROR. There is an error in the process. Go to step 1070 and end the 
process. 

Step 1050 - Get all vertices of polygons inside new ROI. The ROI has now been 
expanded such that new polygons (polygons not within the original ROI) are now 
included in this new expanded ROI. These new polygons have additional vertices 
whereby the convolution contribution of each of these new vertices has been pre- 
calculated and stored for later use. All of such new vertices are now located within the 
new expanded ROL Continue to step 1055. 

Step 1055- - Obtain contribution of each polygon obtained by table lookup. Once all 
new vertices within this new expanded ROI are located, the pre-calculated, stored 
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convolution contribution of each of the new vertices are retrieved from the revised table 
lookup, for the ultimate summation of convolution of the polygon, and the process 
continues to step 1060. 

Step 1060 - More cut lines? Determine whether any more cut lines reside within the new 
expanded ROI (which mcludes the original ROI). If yes, go to step 1065. If no, go to 
step 1070 and end the process. 

Step 1065 - Get next cut lines. If there are more cut lines within the new expanded ROI, 
then continue to step 1010. 

Step 1070 - END. End the process. 

Referring now to Figs. 4A-B the present process flow and method of simultaneous 
computation of multiple points on one or multiple cut lines are illustrated for 90-degree 
sectors for various points or vertices within a ROI 10. As shown in Fig. 4A, a plurahty of 
finite geometrical shapes 20, 22, 24, 26, i.e., polygons A, B, and D, may reside within 
and outside of the ROI 10. In calculating the convolution for any point "XO" within the 
optical viewing window of the ROI 10, i.e., ID x ID in Figs. 4A-B, all polygons having at 
least one vertex residing within the ROI are initially located. In so doing, polygons B, C 
and D of Fig. 4A would be located. Only those polygons having vertices within the ROI 
will add convolution contribution to the value at the sample point "XO". 



In accordance with the invention, the foregoing process is preferably initiated after all 
sectors are located inside and outside the ROI and the convolution contribution of each 
vertex of such sectors are pre-calculated and stored in a table lookup. Any cropping and 
pinning procedure may be applied to the polygons during the present invention. 
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Once all convolution contribution of sectors inside and outside the ROI are pre-calculated 
and stored, the foregoing system and process are initiated by locating at least one polygon 
within the ROI followed by locating at least one cut line across a lateral edge of the 
located polygon. As shown in Figs. 4A-B, polygon D 26 is located within the ROI 10. 
This polygon D may be at any location within the ROI and may consist of a plurality of 
segments across the lateral edges thereof 

Subsequently, at least one cut line 30 is generated in a predetermined location across at 
least one lateral edge of polygon D 26. The cut line may be generated by known 
techniques. Alternatively, a plurality of cut lines 30 may sequentially or simultaneously 
be generated across the same or differing lateral edges, or the same or differing segments, 
of the polygon D 26, or even across lateral edges and/or segments of lateral edges of a 
variety of differing polygons residing within the ROI 10. In accordance with the 
invention, the cut line 30 comprises a predetermined number of sample points that are 
selected based on a set of user-defined rules. 

Once a first cut line is obtained, the process continues by determining whether the cut 
line is either horizontal or vertical, or alternatively a 45-degree sector. If it is determined 
that the cut Une 30 is horizontal, with respect to a bottom lateral edge of the ROI, then the 
ROI will be extended horizontally at side edges of the ROI. Alternatively, if it is 
determined that the cut line 30 is vertical, with respect to such bottom lateral edge of the 
ROI, then the ROI will be extended vertically at top and bottom lateral edges of the ROI. 
The extensions of the ROI in the present invention are based on the location of the cut 
line 30 across the edge of the polygon. That is, the ROI will be extended on a first side 
thereof based on an amount of cut line residing on a first side of the cut line based on the 
intersection between the cut line and the edge of the polygon, and extended on the 
opposing side of the ROI based on a remaining amount of the cut line residing on the 
opposing side of such intersection. 
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For ease of understanding, as shown in Fig. 4A, cut line 30 is a horizontal cut line with 
respect to the bottom edge 1 1 of ROI 10 and resides across a horizontal lateral side edge 
of polygon P. As the cut line 30 is horizontal, the ROI is extended in accordance with the 
invention by a dimension "dl" on a first lateral side edge 13 of the ROI, and a dimension 
"d2" on the opposing, second lateral side edge 14 of the ROI. Alternatively, wherein the 
cut line 30 is a vertical cut line and resides across a top or bottom lateral edge of polygon 
P, the ROI would be extended by dimension "dl" on a top lateral edge 12 of the ROI and 
dimension "d2" on the bottom lateral edge 11. 

The dimensions "dl" and "d2" are determined by evaluating the sample points across the 
cut line 30 in relation to the intersection of the cut line across the polygon edge using a 
set of user predefined rules. A critical aspect of the invention is that the cut line 30 
comprises a plxirality of sample points "XO", whereby these sample points "XO" along a 
single cut line 30 correspond to a single set of vertices within the ROI. Thus, the ROI 10 
may be extended in one direction on one side of the ROI by a portion of such cut line 30, 
which is based on a first number of the sample points "XO", i.e., "dl" residing on a first 
side of the intersection between the cut line with the polygon edge, and extended in the 
opposite direction on the opposite side of the ROI by the remaining portion of cut line 30, 
which is based on the remaining number of the sample points "XO" within the cut line 30, 
i.e., "d2" residing on the second side of such intersection. The extension of the ROI 10 
is a simultaneous extension as the ROI is extended in opposing directions simultaneously, 
either horizontally or vertically. 

In accordance with the invention, these dimensions "dl" and "d2" may, or may not, be 
equal to each other. As a result, the ROI 10 may be extended either horizontally or 
vertically by equal or imequal portions at opposing lateral side edges 13, 14 or opposing 
lateral top and bottom edges 11, 12, respectively, to form an extended ROI 30, as shown 
in Fig. 4B. An essential feature of the invention is that as cut lines are typically either 
horizontal or vertical, the invention allows for a one-dimensional extension or expansion 
of the ROI, i.e., either in horizontal directions or vertical directions. When extending the 
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original ROI 10 one-dimensionally, this new extended ROI 30 will now have a 
substantially rectangular shape. The expanded ROI 30 of the invention advantageously 
enables the capturing of additional polygons within the new extended ROI 30 for 
evaluation, as well as increased portions of polygons already residing within the original 
ROI 10. 

For example, as shown in Figs. 4A-B, only portions Bl and CI of polygons B and C, 
respectively, reside within the original ROI 10. Polygon A resides outside of the original 
ROI 10, and as such, any convolution contribution there from would not be included in 
the original ROI 10 for point P alone. However, in the newly expanded ROI 30 of the 
invention, increased portions of both polygons B and C, namely portions B2 and C2, now 
reside within ROI 30, as well as portions of polygon A residing within the expanded ROI 
30 as shown in Fig. 4B, and as such additional convolution contribution is provided from 
these additional polygons and increased portions of preexisting polygons. 

Another essential feature of the invention is that multiple table lookups for convolution 
contributions of sample points can be performed simultaneously for all sample points 
along a single cut line, or even a plurality of different cut lines, as a result of these sample 
points along a single cut line corresponding to a single set of vertices within the ROI. The 
simultaneous table lookups for convolution contributions of all the sample points across 
the cut line(s) is achievable in accordance with the invention whether the sample points 
have the same convolution contributions or a variety of differing convolution 
contributions. Once the multiple table lookups convolution contributions are retrieved, 
the invention advantageously allows the simultaneous computation of all such retrieved 
convolutions for the multiple sample points across a single cut line, or across a plurality 
of cut lines. 

In so doing, the present invention advantageously avoids the time consuming, tedious 
prior art approaches of searching for sample points or vertices within a ROI and 
performing the convolution contribution table lookup steps for each of such points one- 



FIS920030262US1 



18 



by-one. A critical feature of the invention is that it significantly improves the ease and 
rate of model-based OPC calculations, even in the case where additional vertices are 
captured by the new expanding ROIs in accordance with the invention. That is, the 
present approach of simultaneous computation of convolution for sample points within 
one or even multiple cut lines significantly enhances computation speed. 

With conventional calculation methods, the time needed to calculate such convolution 
contribution of all N number of sample points along the single cut line is proportional to 
(N)(ID )(u+v), wherein "u" represents the time to calculate the convolution contribution 
from a single polygon and "v" the time to count the number of polygons that intersect a 
unit area, having assumed that the number of contributing polygons will be proportional 
to IDI 

With the present invention, the time needed to calculate convolution contribution of the N 
number of sample points along the single cut line is proportional to (N)(u)(ID)(ID+d) + 
(v)(ID)(IEHd'), and as such, is significantly less than the time require for conventional 
methods, wherein d and d' can be dl, d2, or any user defmed number. This is because 
expansions dl and/or d2, alone and/or combined, are significantly less in dimension that 
a dimension of the original ROI 10, while still capturing several new sample points or 
vertices, e.g., N>=2. Further, as expansions dl and/or d2 are preferably relatively small 
expansions of the ROI, but greater than zero, the savings of time for the convolution 
calculation of the invention is a fimction of (v)(N-l)(ID^). In accordance with the 
invention, the execution time of the invention will be more efficient as long as the 
condition d/ID < (N-l)(v)/(N)(u+v) is satisfied, which generally is satisfied as a result of 
the table lookup time for determining 'Hi" is fast. 

As shown in Fig. 5, the present invention may also be used to expand the ROI when the 
cut line is a 45-degree cut line. In continuing the above process steps, wherein it is 
determined that the located cut line is neither a horizontal cut line nor a vertical cut line, 
it is next determined whether the cut line is a 45-degree cut line. If it is determined that 
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the cut line is neither horizontal, vertical, nor 45-(legrees, then an error has occurred in 
the method of the invention, and the process stopped. 

However, wherein in-fact the cut line is actually a 45 -degree cut line, the invention 
enables extending the original ROI 10 on all four sides, i.e., both lateral side edges and 
the top and bottom lateral edges, such that the ROI retains a substantially square shape. 
That is, in the case of 45 -degree cut lines have a number N of sample points "XO" along 
the single 45-degree cut line 30' across a lateral edge of polygon D 26', the invention 
provides for a two-dimensional extension of the original ROI 10, as is further depicted by 
the rotational view 60 of ROI 10. This two-dimensional extension may even further 
increase the nimiber of captured, additional polygons that originally resided outside the 
original ROI 10, as well as may capture even increased portions of those polygons 
originally residing within ROI 10, as compared to the one-dimensional expansion 
embodiment of the invention described above. 

In accordance with the invention, in the case of a 45-degree cut line that includes a 
plurality of sample points across the single 45-degree cut line, ROI 10 is expanded on all 
four sides to form a new extended ROI 50. In forming the new extended ROI 50, the 
originally ROI 10 (and as shown in its rotational view 60) is two-dimensionally extended 
by a function represented as (d/2)(cos(7i/4)) on each side of ROI 10, as shown in Fig. 5. 
As a result of the two-dimensional extension of ROI 10 being a function of (cos(7i/4)) on 
all four sides of the ROI 10, the extension of ROI 10 on each side will be smaller than the 
one-dimensional extension of either the horizontal or vertical cut line for the 90 degree 
cut line embodiments of the invention. Alternatively, a further reduction may be made 
for the 45-degree cut line by truncating the upper right and lower left comers of the new 
extended ROI 50. 

Wherein cut lines within the ROI are significantly close to each other, multiple 
convolutions may be performed on sample points that lie on multiple cut lines inside a 
rectangle of size Dl x D2. In this manner, the ROI 10 will then be extended by the 
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dimension Dl in horizontal directions and by D2 in vertical directions. This is 
particularly useful for those circuit designs having tight pitch patterns. 

In any of the above embodiments of the invention, once the original ROI 10 is extended, 
on at least 2 sides or alternatively on all 4 sides, the present process flow continues by 
locating all additional captured polygons not originally residing within ROI 10, as well as 
any additional portions of original polygons residing in the ROI. The pre-calculated 
convolution contributions vertices representative of such polygons are then retrieved 
from the table lookup for the total convolution contribution of the sample points along the 
cut line. Thus, a critical feature of the invention is the extension of the original ROI and 
using this new extended ROI for further processing in accordance with the invention, as 
well as using this new extended ROI with conventional OPC processing steps and 
techniques. 

The method of the invention continues for all cut lines within the ROI, and particularly 
those cut lines residing within the extended ROIs of the invention. Once it is determined 
that no more cut lines exist for use in the convolution summation of the present model- 
based OPC engine, the present process flow ends. 

In view of the foregoing description, the present invention simultaneously extends the 
ROI on at least 2 sides, or optionally all 4 sides, based on multiple sample points across a 
cut line, prior to locating any polygons residing outside the original ROI, therein 
advantageously capturing such additional polygons, i.e., polygon A. In so doing, the 
invention provides a benefit by avoiding the cumbersome and time-consuming task of 
locating vertices within a ROI one-by-one and performing one-by-one their respective 
table lookup convolution contributions for each vertex. The invention also overcomes 
the problems associated with conventional approaches having to search for additional 
polygons residing outside the ROI, such as polygon A, followed by expanding the ROI 
on one side of the ROI in order to include such polygon within the ROI, and then locate 
all vertices of this polygon and retrieve their respective convolution contributions on a 
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one-by-one basis. Further, the foregoing invention avoids the need to perform extensive 
book keeping steps to attain the convolution contribution for every polygon located on 
the ROI by simultaneously computing multiple sample pomts across a single cut line as 
discussed in detail above. 

The method may be implemented through a computer program product stored on a 
program storage device that is readable by a machine and tangibly embodies a program of 
instructions executable by the machine to perform each of the method steps. The program 
storage devices of the present invention may be devised, made and used as a component 
of a machine utilizing optics, magnetic properties and/or electronics to perform the 
method steps of the present invention. Program storage devices include, but are not 
limited to, magnetic diskettes, magnetic tapes, optical disks. Read Only Memory (ROM), 
floppy disks, semiconductor chips and the like. A computer readable program code 
means in known source code may be employed to convert the methods described above 
for use on a computer. 

While the present invention has been particularly described, in conjunction with a 
specific preferred embodiment, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art in light of the foregoing description. 
It is therefore contemplated that the appended claims will embrace any such alternatives, 
modifications and variations as falling within the true scope and spirit of the present 
invention. 

Thus, having described the invention, what is claimed is: 
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